What is claimed is: 

1 . A clock recovery device comprising: 
a data rate input; 

5 an input data sampler that obtains samples of a serial data stream; 

an early/late voting logic that identifies early and late operation for a set of 
bit times of the serial data stream from the obtained samples; 

a finite state machine operable to receive the data rate input for bandwidth 
control of the state machine and the early and late operation indication, and 
10 select two clock phases from identified operations of the voting logic and 

generates interpolator control signals to selectively mix these two clock phases; 

a phase interpolator operable to select a clock phase output that is 
generated from the two selected phases received from a clock input based on 
the control signals from the finite state machine; and 
15 a programmable divider that divides the clock output of the phase 

interpolator based on the received data rate to program the device to operate at 
one of a plurality of clock and data rates, bandwidths, or tracking capabilities. 

2. The device of claim 1 , further comprising a rate/mode control circuit 
20 operable to receive the data rate input and program a divide ratio of the 

programmable divider and to control the bandwidth of the finite state machine. 

3. The device of claim 2, wherein the rate/mode control circuit functions are 
integrated within the finite state machine and the programmable divider. 

25 

4. The device of claim 2, wherein the rate/mode control circuit is an 
independent device separate from the programmable divider and the finite state 
machine. 
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5. The device of claim 1 , further comprising a frequency detection control 
circuit operable to automatically detect the clock or data rate and program a 
divide ratio of the programmable divider and to control the bandwidth of the finite 
state machine. 

5 

6. The device of claim 5, wherein the frequency detection control circuit 
functions are integrated within the finite state machine and the programmable 
divider. 

10 7. The device of claim 5, wherein the frequency detection control circuit is a 

device separate from the programmable divider and the finite state machine. 

8. The device of claim 5, wherein the frequency detection control circuit 
automatically detects the data rate from the recovered clock or data. 

15 

9 The device of claim 1 , wherein the bandwidth of the clock recovery loop 
can be controlled by selecting multiple phase updates from the phase interpolator 
or by controlling a latency of the updates. 

20 10. The device of claim 1 , wherein the finite state machine comprises a 

decode circuit and a plurality of delay elements operable to selectively determine 
the quantity of phase correction steps per update based on a function of the data 
rate input, and to connect the delay elements in a configuration to provide the 
required steps. 

25 

1 1 . The device of claim 1 , further comprising an anti-glitch circuit operable to 
receive the interpolator control signals indicating the desired phase position from 
the finite state machine, a required phase correction step, and the data rate 
input, and to provide a plurality of partial phase correction steps, wherein the sum 
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of the partial phase corrections is equivalent to the total required phase 
correction. 

1 2. The device of claim 1 1 , wherein the anti-glitch circuit functions are 
integrated within the finite state machine, wherein the data rate input determines 
the number of partial phase correction steps utilized in the anti-glitch circuit. 

1 3. The device of claim 1 1 , wherein the anti-glitch circuit comprises a 
thermometer code circuit and decoder circuit configured to provide the plurality of 
partial phase correction steps in a sequential string based on a function of the 
data rate. 

14. The device of claim 13, wherein the thermometer code circuit comprises a 
32 bit code to provide 32 partial phase correction steps in a sequential string. 

15. The device of claim 1 1 , wherein the anti-glitch circuit comprises a plurality 
of delay elements configured to provide the plurality of partial phase correction 
steps in a sequential string. 

1 6. The device of claim 1 5, wherein a portion of the plurality of delay elements 
are selectable based on a function of the data rate input to provide the plurality of 
partial phase correction steps in a sequential string. 

1 7. The device of claim 1 5, wherein a portion of the plurality of delay elements 
are selectable based on a function of the data rate input to provide a 
programmable number of the partial phase correction steps in a sequential string. 
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1 8. The device of claim 1 7, wherein the plurality of delay elements are 
selectively coupled to the delay output of one delay element to the input of 
another of the plurality of delay elements. 

5 1 9. The device of claim 1 1 , wherein the anti-glitch circuit further comprises a 

decode circuit operable to selectively couple a portion of the plurality of delay 
elements based on a function of the data rate input. 

20. The device of claim 1 , wherein the programmable divider comprises a 
10 plurality of dividers connected to a multiplexor, the dividers each having a fixed 

divide ratio, the multiplexor configured to select an output of one of the dividers 
based on a function of the data rate input to provide a programmable data rate 
and a substantially fixed device bandwidth. 

15 21 . The device of claim 20, wherein a portion of the plurality of fixed dividers 

are serially connected to each other and to the multiplexor, the multiplexor 
configured to select the output of one of the dividers based on a function of the 
data rate input to provide a programmable data rate and a substantially fixed 
device bandwidth. 

20 

22. The device of claim 1 , wherein the programmable divider functionally 
resides after the interpolator. 

23. The device of claim 1 , wherein the programmable divider functionally 
25 resides between the interpolator and the input data sampler. 

24. A clock recovery device comprising: 
a data rate input; 
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a finite state machine operable to receive the data rate input for bandwidth 
control of the state machine and an early and late voting operation indication, to 
select two clock phases based on the identified voting operation indication, to 
selectively determine the quantity of phase correction steps per update based on 
a function of the data rate input, and to connect the delay elements in a 
configuration to provide the required steps; and 

an anti-glitch circuit operable to receive the interpolator control signals and 
a required phase correction step size from the finite state machine and the data 
rate input, and to provide a plurality of partial phase correction steps, wherein the 
sum of the partial phase corrections is approximately equivalent to the total 
required phase correction. 

25. The device of claim 24, further comprising: 

a phase interpolator operable to provide a clock phase correction step 
interpolated between the two selected phases received from a clock input based 
on the early or late indication relative to the previously selected clock phase. 

26. The device of claim 24, further comprising: 

a programmable divider that digitally divides the output of the phase 
interpolator based on the received data rate to program the device to operate at 
one of a plurality of clock and data rates, bandwidths, or tracking capabilities. 

27. A method of clock recovery comprising: 
receiving a data rate input; 

obtaining samples of a received serial data stream for a set of consecutive 
bit times according to a data clock and a transition clock; 

setting a programmable divider rate and finite state machine bandwidth 
based on the received data rate; 
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analyzing the set of consecutive bit times to identify early, late, and neither 
conditions of the clock within the respective consecutive bit times according to 
the obtained samples; 

inputting a plurality of clock phases; 
5 determining two of the plurality of clock phases based on the identified 

early, late or neither clock condition; 

adjusting a clock phase correction step size based on the data rate; 

interpolating between the two indicated clock phases based on the relative 
time difference between the prior and current phase transition indication; and 
10 correcting the clock phase error according to the adjusted step size. 

28. The method of claim 27, further comprising: 

latching the data and synchronizing the clock with the corrected clock 

phase. 

15 

29. The method of claim 28, further comprising: 

outputting a recovered clock signal and a recovered data signal. 

30. The method of claim 27, wherein inputting a plurality of clock phases 
20 comprises inputting a plurality of clock phases with fixed frequency. 

31 . The method of claim 27, wherein obtaining center samples comprises 
sampling the received serial data stream on rising transitions of a data clock. 

25 32. The method of claim 27, wherein obtaining transition samples comprises 

sampling the received serial data stream on rising transitions of a transition clock. 
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33. The method of claim 27, wherein analyzing the set of consecutive bit times 
to identify late operation(s) comprises identifying a transition between a current 
transition sample and a previous center sample for each bit time. 

34. The method of claim 27, wherein analyzing the set of consecutive bit times 
to identify early operation(s) comprises identifying a transition between a current 
transition sample and a current center sample for each bit time. 

35. A method of preventing interpolator update glitching comprising: 
receiving a data rate input, and a voting operation indication for a required 

phase correction; 

decoding and selecting a plurality of partial phase corrections for the 
phase correction based on the received data rate; 

enabling a plurality of delay elements corresponding to the plurality of 
partial phase corrections in response to the required phase correction; and 

generating a plurality of successive partial phase corrections during an 
interpolator update to provide the required phase correction. 

36. The method of claim 35, wherein the decoding and selecting a plurality of 
partial phase corrections comprises decoding a 32 bit thermometer code of delay 
elements to provide 32 partial phase correction steps in a sequential string. 
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